In recent years, the continuous and accumulative discharge of toxic and contaminating compounds to the environment makes necessary to propose precise and quick methods for their detection and quantitation. Especially when one considers that the environmental impact of some of these emerging contaminants has not been clearly determined. Enzyme-based biosensors are an interesting alternative when inspecting different pollutants present in the environment in a quick, efficient, automatized, and economic way. Oxidative enzymes such as peroxidases and polyphenol oxidases (laccases and tyrosinases) are versatile and highly functional enzymes used for analyte recognition. Therefore, these enzymes are considered attractive and interesting biomolecules to act as recognition elements in biosensors. In this regard, detection of pollutants such as pesticides, phenols, heavy metals, and pharmaceutical compounds by using oxidative enzymes as recognition elements in biosensors is a versatile field, and it is the focus of the present review.
Introduction
A biosensor is a self-contained integrated device capable of providing specific quantitative or semi-quantitative analytical information from its surrounding environment using a biological recognition element that provides specific biochemical reactions or interactions. According to the IUPAC definition, a biosensor is a device that uses specific biochemical reactions mediated by isolated enzymes, proteins, antibodies, tissues, organelles, or whole cells to detect chemical compounds usually by electrical, thermal, or optical signals [1] . The reaction/ interaction derived from the bioreceptor-analyte association is converted into a readily measurable signal by the transducer. The biological recognition element must be in intimate contact or integrated with a transducer. For this purpose, an additional element placed between the recognition element and the transducer is employed; it corresponds to an interface composed of organic, inorganic or hybrid materials to enhance the functionality of the device, either by providing a higher stability or by amplifying the signal [2] [3] [4] . Fig. 1 outlines the basic components of a biosensor. Ideally, biosensors must be designed to detect molecules of analytical significance such as pathogens or toxic compounds to provide rapid, accurate, and reliable information about the analyte of interest. Biosensors have contributed to the important growth of useful analytical tools in the detection of chemical and biological hazardous components for health care, food safety, and environmental monitoring [5] [6] [7] .
Biosensors are classified into various basic groups, according to the signal transduction or the recognition principles. On the basis of the transducing component, biosensors are designed as electrochemical, optical, piezoelectric, or thermal sensors. The electrochemical transducers are the most developed in the literature. Depending on the electrical signal that is measured (potential or current), an electrochemical biosensor can be named as potentiometric or amperometric. According to the biorecognition principle, biosensors are classified into immunochemical, enzymatic, nonenzymatic receptor, whole-cell, and DNA biosensors. Enzyme-based biosensors are among the most important commercially available type of biosensors [5, 8] . Hence, electrochemical enzymatic biosensors are the most frequently reported and are classified based on the detection principle. First generation biosensors are based on product or co-substrate registration at the electrode surface. Second generation biosensors involve specific redox mediators between the enzyme and the transducer in order to improve the analytical quality and to simplify the performance. Meanwhile, third generation biosensors are those based on direct exchange of electrons between the active site of the enzyme and the material of the electrode in the absence of any diffusion of mobile mediators.
Enzymes are suitable to act as recognition elements because of their specificity and the wide range of them that are available, although the number of enzymes used in biosensors is still scarce. Among them, glucose oxidase (GOx), horseradish peroxidase (HRP), and alkaline phosphatase have been employed in most biosensor studies [9, 10] . The performance of enzyme-based biosensors is usually classified according to the way by which the analytes are monitored. For example, monitoring the analyte concentration or the products formed during the reactions is the direct mode; alternatively, an indirect monitoring is performed when enzyme inhibition is achieved by the analyte, this is the most general mode of application. Biosensors based on the principle of enzyme inhibition have been applied for a wide range of analytes of environmental interest such as pesticides, heavy metals, and glycoalkaloids (emerging pollutants) [7, 11, 12] . Enzymes present high catalytic activity and selectivity, even in complex matrices [13, 14] . In general, the development of these biosensing systems is based on the quantitative measurement of the enzyme activity before and after exposure to the enzyme inhibitor (i.e. analyte). The percentage of inhibited enzyme that results after exposure to the inhibitor is related to the analyte concentration. Oxidative enzymes such as peroxidases and polyphenol oxidases are versatile and highly functional enzymes for analyte recognition. Their substrate variability goes from relatively simple aromatic compounds (such as phenol and its derivatives) to complicated aromatic structures [15, 16] . Therefore, oxidative enzymes are attractive and interesting biomolecules as recognition elements in biosensors. The use of oxidative enzymes as bioanalytic components for analyte detection is focused mainly in hydrogen peroxide determination [15] . Detection of pollutants such as pesticides, phenols, heavy metals, organosulfur compounds, and pharmaceuticals utilizing oxidative enzymes as recognition elements in biosensors is a vigorous field of research, and it is the focus of the present review. The continuous discharge of polluting compounds into the environment drives the development of more precise and quicker methods for detection and quantitation. However, the identification of pollutants in samples from different compartments of the environment depends on several factors. One of them is a proper characterization of the contaminated area. A second factor is a proper disposal, codification, preservation, and transport. A third factor is the intrinsic capacity of the proper technique. Nevertheless, these conditions are not always attained, or the processes of analysis are prohibitively costly. Enzyme biosensors are an interesting alternative when inspecting different pollutants present in the environment in a quick, efficient, automatized, and economic way. Table 1 shows a brief compilation of biosensors based on oxidative enzymes for the detection of several organic pollutants. The detection limit and the response time make oxidative enzymes very relevant biocomponents for enzymatic biosensors. In addition, enzyme biosensors are robust, easy to use, cost-effective, and miniaturized analytical tools.
Environmental monitoring of pollutants

Pesticides
The extensive use of pesticides for agricultural purposes is the cause of their ubiquitous presence in the environment, mainly in water and soil. Fig. 2 displays the chemical structures of some analytes mentioned in this review. Concerns about their toxicity and persistence in the environment has led to international institutions like the European Community and Environmental Protection Agency (EPA, USA) to set limits on the concentration of pesticides in different environmental compartments. For example, the directive 98/83/EC on the quality of water for human consumption has set a limit of 0.1 μg L -1 for individual pesticides and of 0.5 μg L -1 for total pesticides. Enzymatic sensors based on the inhibition of a selected enzyme are the most extended biosensors used for the determination of pesticides. Based on the inhibition of acetyl cholinesterase (AChE) and colin oxidase, various biosensors have been developed for the detection of organophosphorous and carbamate pesticides as previously described [17] [18] [19] .
However, the use of laccases and peroxidases as recognition elements has produced several methods and devices with potential application for pesticide detection. For example, detection of glyphosate, [N-(phosphonometyl) glycine], by peroxidases is an interesting example recently reported. Although glyphosate is considered toxic to mammals, its full environmental impact is not yet completely understood. Glyphosate has often not been included in regular monitoring programs, as the stand-alone analytical methods are often cost-prohibitive. However, glyphosate has been detected in several water , respectively [24, 25] . In both cases, the detection was based on enzyme inhibition. For HRP, the biosensing principle was based on the determination of the cathodic responses of the immobilized HRP to H 2 O 2 before and after incubation of the electrode in glyphosate standard solutions. For this case, the authors concluded that the inhibition of the enzyme by glyphosate is of the reversible and noncompetitive type, where the pesticide binds the enzyme in a different place to the active site. For atemoya peroxidase, the enzymatically oxidized product of hydroquinone, p-benzoquinone, is electrochemically reduced at the biosensor surface. The current obtained in the reduction of p-benzoquinone is quantitatively related to the hydroquinone concentration. In the presence of glyphosate, the enzyme is inhibited, and then the current obtained for p-benzoquinone reduction is decreased proportionally to the concentration of the pesticide. In this system, the average recovery of glyphosate from spiked water samples ranged from 94.9 to 108.9%.
On the other hand, extensive use of carbamate pesticides in modern agriculture has raised serious public concern regarding their environmental and food safety. Carbamates have been included in the list of known endocrine disruptor compounds. Formetanate hydrochloride (3-dimethylaminomethyleneaminophenyl methylcarbamate hydrochloride, FMT) is a carbamate employed as insecticide and acaricide, for a wide variety of fruits. An electrochemical biosensor was developed to determine FMT based on the pesticide's capacity to inhibit the laccase catalytic activity for 4-aminophenol oxidation [26] . The presence of this pesticide produced a change on the electrocatalytic peak corresponding to the quinone-imine reduction (the enzymatic reaction product), which was used to indirectly quantify formetanate. The developed biosensor was successfully applied to FMT determination in mango and grapes. The attained limit of detection was 9.5 × 10 −8 M (0.02 mg kg -1 on a fresh fruit weight basis). The percentage of recovery for the five tested spiking levels ranged from 95.5 ± 2.9 (grapes) to 108.6 ± 2.5 (mango). The results indicated that the proposed device presents suitable characteristics for reliable determination of formetanate in fruits.
Finally, chlorophenols are a major class of organic pollutants that contaminate the ecosystem and accumulate in the food chain. They are highly toxic compounds with biorefractive ability and are widely used as wood preservatives and herbicides. An amperometric second generation biosensor for 4-chlorophenol (4-CP) detection was reported based on the immobilization of HRP on an Au film modified-electrode. The enzyme-modified electrode was used as a bioelectrochemical sensor of 4-CP. The determination is based on the reduction of the 4-CP mediator on the electrode's surface (Fig. 3) ; therefore, the amperometric response is proportional to the pesticide concentration [27] . The electrochemical biosensor exhibited a linear relationship in two different concentration ranges: from 2.5 to 40 µM and from 62.5 to 117.5 µM, with a detection limit of 0.39 µM. The recovery of 4-chlorophenol from spiked water samples was in the range from 98% to 110.4%.
Heavy metals
Heavy metal ions such as cadmium, chromium, copper, mercury, lead, zinc, arsenic, and others are constantly emitted to the environment from a variety of anthropogenic sources to supplement natural background geochemical sources. Some metal elements such as copper or chromium are essential to organisms to carry out different biological processes. However, heavy metals coming from anthropogenic activities (mainly combustion processes) present in environmental compartments are many times greater than depositions from natural background sources, surpassing the limits of the necessary intake in organisms, which translates into a large contamination problem. The fate of these elements is currently of great environmental concern because they cannot be broken down or degraded; they thus tend to accumulate in the environment or bio-accumulate through the food chain, which represents a health risk for living organisms because of their high toxicity. Early detection of metal ions in the environment is thus very important. Stringent environmental regulations on heavy metal pollution have also played a key role to minimize the harmful effects of these toxicants. For instance, Directive 86/278/EEC regulates heavy metal concentrations for several Member States from the EU concerning treated wastewater and the waste sludge used for agricultural activities.
Inhibition-based enzyme biosensors have, in the past few years, gained attention since they offer alternative, portable methods for heavy metal detection in environmental compartments, particularly aquatic. Inhibition of enzymes such as urease, alkaline phosphatase, GOx, acetylcholinesterase, and HRP has been achieved through immobilization of the enzymes on , as reviewed elsewhere [7, 12, 28] . Inhibition of HRP immobilized over electrochemical or amperometric surfaces has been the subject of the latest research concerning methods and new devices for metal ion detection. For instance, amperometric sensors were developed based on the modification of a platinum electrode by electrodeposition of polyaniline (PANI) films [29] , and Na + . Regarding these two studies, the reported detection limits are well below the allowed maximum contaminant levels, established by the World Health Organization or even the more stringent values established by the EPA. It could thus be confirmed that these novel biosensors could be used to screen ultralow levels of heavy metals in water samples.
From the perspective of using organic residues, the construction of a glassy carbon electrode modified with maize tassel-multiwalled carbon nanotubes was recently reported. The authors immobilized HRP onto the electrode to measure trace concentrations of Cu 2+ , Pb 2+ , and Cd 2+ in aqueous solution [31, 32] . They used maize tassel because of its desirable physicochemical characteristics to adapt to the detection system. The biosensing principle was based on the electrochemical response measurement toward H 2 O 2 related to the electrocatalytic activity reduction of the immobilized HRP, before and after incubation in trace metal solutions. In general, for the three metal ions the decrease in signal production was directly proportional to the concentration of the inhibitor in the tested solutions. For Cu 2+ 2+ were reported. The authors concluded that for these metals, the inhibition of HRP followed a reversible, mixed inhibition. The addition of other elements in the tested solutions, as interfering compounds, did not cause much decrease in biosensor response. In the case of Cd 2+ determination, the linearity of the percentage inhibition fell in the range of 2−30 µ L . It was observed that the inhibition of HRP by Cd 2+ ions followed the reversible, non-competitive type [32] .
The extensive use of chromium in different industries has led to a high contamination of aquatic bodies. Dominguez Renedo et al. reported a method to selectively detect Cr(III) in aqueous solutions by the enzymeinhibition method [33] . Tyrosinase was immobilized over a glassy carbon electrode by means of a polypyrrole membrane. The biosensing principle was also based on the measurement of the reduction in the electrochemical responses due to inhibition of the enzyme activity by the metal ion. The biosensor was tested on fresh phosphate buffer solutions with cathecol and the metal ion. The immobilized tyrosinase converts catechol to o-quinones, and then the quinones are reduced back to catechol at the electrode´s surface, which reduces the current according to the Cr(III) concentration. Following this procedure, the obtained detection limit was 5.0 × 10 −7 M. The highest concentration of Cr(III) that the method in this study could determine was 10 −4 M. The developed biosensor was successfully applied to Cr(III) determination in spiked urine samples, waste water from a tannery, and river water samples from an industrial area. The results indicated that the device permits reliable determination of Cr(III) in samples with high organic matter content, comparable to other electrochemical methods.
Pharmaceuticals
In recent years, pharmaceutical compounds (PhCs) and their metabolites have been of great concern, due to their detection, persistence, and biological activity in surface water bodies [34, 35] . Indeed, several PhCs have been found in raw urban wastewater, effluent from activated sludges and river biota, at concentrations ranging from ng to μg L -1
. [35] [36] [37] . The major inputs of pharmaceuticals come from households and hospitals due to excretion and improper disposal of unwanted or expired medications. Reported pharmaceuticals usually found in wastewaters are of the antihypertensive type, several beta-blockers and analgesics/anti-inflammatories; while antibiotics, some psychiatric drugs and analgesics/antiinflammatories pose the highest risk. Even though the environmental impact of these emerging contaminants in the environment has not been clearly determined, preventative action should be taken in the face of uncertainty. One of these actions is the early detection and quantification, and biosensors have a clear application here. Enzyme biosensors have been mainly applied to monitor pharmaceuticals from medical formulations, a very different matrix from environmental compartments. However, the principle behind is the same; a change in the enzyme response by the presence of the pharmaceutical compound. In this regard, peroxidases, laccases, and tyrosinases have been employed for the determination of some PhCs. For example, the antiepileptic drug levetiracetam [(S)-a-ethyl-2-oxo-pyrrolidine acetamide] has been used for clinical purposes in a broad spectrum of applications since 2002. Approximately 76% of levetiracetam is eliminated unchanged, with 95% of drug elimination occurring via urine; having its final fate in the municipal sewage. Alonso-Lomillo et al., [38] detected levetiracetam electrochemically using a peroxidase-based biosensor. As levetiracetam is a pyrrolidine derivative it can act as a substrate donor for the reduction of the HRP previously oxidized by H 2 O 2 . The enzymatic reaction product from levetiracetam is then susceptible to suffering an electrochemical reaction at the electrode's surface that can be followed by chronoamperometry. The biosensor was applied to the determination of levetiracetam in complex matrices such as pharmaceutical drugs, yielding a limit of detection of 1.75 × 10 -5 M. In another report in the application of oxidative enzymes for PhCs detection, Bertolino et al., electrochemically detected a synthetic quinolone, pipemidic acid, (8-ethyl-5,8-dihydro-5-oxo-2-(1-piperazinyl)pyrido [2,3-d] pyrimidine-6-carboxylic acid), using tyrosinase [39] . The biosensor consisted of a microfluidic-enzymatic device with immobilized tyrosinase. The basis of the indirect determination was the reaction of pipemidic acid with the enzymatic reaction product of catechol, o-benzoquinone, in a Michael addition reaction. The decrease of o-benzoquinone concentration, due to the coupling with pipemidic acid, resulted in the reduction of its peak current proportionally to the acid concentration. The recovery of pipemidic acid from four samples ranged from 97.50% to 102.50%. This method was useful for determination in the concentration range from 0.02 to 70 µM, with a limit of detection of 18 × 10 -9 M. In another work, the antihypertensive agent methyldopa, (2-amino-3-(3,4-dihydroxyphenyl)-2-methylpropanoic acid), a catechol derivative was detected using the laccase enzyme as the recognition element of the biosensor [40] . The enzyme catalyzed the oxidation of methyldopa to quinone and this product was electrochemically reduced back to methyldopa on the biosensor's surface and the cathodic current peak was proportional to the methyldopa concentration. In this work, the electrochemical response was improved by using the ionic liquid 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide and cellulose acetate as support for enzyme immobilization. The biosensor showed good linear range for methyldopa concentrations from 34.8 to 370.3 × 10 -3 M with a detection limit of 5.5 × 10 -3 M. In addition, the sensor demonstrated acceptable stability (ca. 60 days; at least 350 determinations), good repeatability, and reproducibility (relative standard deviations of 1.5 and 4.3%, respectively) [40] . Paracetamol (4-hydroxyacetanilide) is one of the world's most widely used nonprescription medicines. Paracetamol has been identified as one of the most frequently detected anthropogenic compounds in water bodies in the United States [41] . At the water treatment facilities, paracetamol is not completely biodegraded and is usually oxidized during the chlorination step, producing around 40 toxic side products. González-Sánchez et al. (2011) [42] investigated the feasibility of amperometric detection of paracetamol using an immobilized HRP in the presence of hydrogen peroxide. The redox cofactor of the enzyme catalyzed the one-electron oxidation of paracetamol in the presence of H 2 O 2 to the radical species N-acetyl-p-benzosemiquinone imine, which could be measured electrochemically. Under optimal conditions, the sensitivity of this biosensor for paracetamol was 74.9 mA M −1 cm −2 , the detection limit was 3.1 × 10 −6 M based on S/N = 3 and the response time was 135 s. The linear range applied from 1.0 × 10 −5 to 4.9 × 10 −4 M paracetamol, and could be extended using the Hill equation to 5.7 × 10 −3 M. Our research group reported an optical method to determine paracetamol from residual wastewater samples. The method was based on the quantification of the laccase inhibition during the oxidation of a standard substrate 2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) for the indirect determination of paracetamol. We noticed a LOD and LOQ of 0.55 × 10 -6 M and 8.3 × 10 -6 M, respectively. Comparing the catalytic constants values K m and V max for ABTS oxidation in the absence and presence of various concentrations of paracetamol a competitive-type inhibition was observed. The method displayed a fast response time (20 s), and high selectivity to paracetamol in the presence of interfering substances such as naproxen, estradiol, ketoprofen, sulfamethoxazole, and diclofenac [43] .
It can be seen that most biosensors based on oxidative enzymes involve the HRP enzyme, basically because its kinetic behavior is known, its ease of use, and its commercial availability. From this fact, two perspectives can be presented: on the one hand, if it is intended to detect one analyte in particular, the selectivity of the biosensors could be low since the enzyme can recognize several analytes. Therefore, in a complex sample, where various compounds are present, the result could be misinterpreted. Thus, to achieve a specific detection these biosensors should be applied to known matrices from well-established processes. On the other hand, these biosensors with low specificity could be handled as devices for preliminary analysis, to simply detect potentially harmful samples, that can represent an environmental or health risk. This mode of performance may be the closest application for biosensors based on oxidative enzymes.
Enzyme immobilization
The key step in the development of biosensors is the selective immobilization of biological components onto a transducer surface since biosensors work best when both transducer and biological sensing element are in close proximity [44] . Nevertheless, the immobilization procures not only the attachment of the biomaterial but also promotes its stabilization for subsequent reuses [11] . This attachment is achieved by either chemical or physical linkages to various carriers [45] . Nonetheless, the immobilization processes could result in enzyme conformational alterations, less structural heterogeneity into the support and a slight loss of activity [46] . Due to the above mentioned drawbacks, the choice of a specific immobilization method depends on many factors, e.g. the nature of the biological element, the type of transducer used, the physicochemical properties of the analyte, operating conditions of the biosensor, and the zone where the biological element exhibits maximum activity [47, 48] . For example, the method by which an enzyme is immobilized onto an electrode surface is a critical factor to establish efficient electron transfer between enzyme and electrode [49] . It is further noted that as mentioned above, although the immobilization could lead the enzyme towards a significant loss of activity, on the other hand, the covalent coupling to a solid carrier may cause an increased resilience against pH or thermal inactivation [45] . There are several strategies for immobilizing the enzyme, such as physical or chemical adsorption, cross-linking method, and self-assembled monolayer (SAM) formation, among others [47, 48, 50, 51] . For example, Fernandes et al. [52] described the construction of a biosensor based on laccase, which was immobilized on microspheres of chitosan cross-linked with tripolyphosphate by spray drying. The biosensor is being used for routine determination in pharmaceutical formulations, obtaining high sensitivity, good reproducibility, low detection threshold, and rapid response. On the other hand, Santhiago, et al. [53] designed a biosensor based on a carbon paste electrode modified with laccase (produced by Aspergillus oryzae) for the determination of L-cysteine in pharmaceutical formulations and carried out in the presence of hydroquinone. Meanwhile, Gupta et al. [54] used laccase from Coriolus hirsutus immobilized by a monolayer of thiol-amines onto a gold electrode in order to monitor catechol. Yu and Ju [55] designed a biosensor by immobilizing tyrosinase in a titania sol-gel membrane which was obtained by the vapor deposition method; sensitivity was tested for different phenols, resulting as follows: catechol ˃ phenol ˃ p-cresol. Tyrosinase has also been immobilized within a functionalized polymer in order to detect phenolic compounds with free orthoposition in the ring [56] ; catechol can be detected effectively by using tyrosinase entrapped in an agaroseguar gum matrix [57] . Co-immobilization of enzymes with nanomaterials can improve the signal amplification and hence increase the limit of detection [58] . Accordingly to Ansari and Husain [59] unlike conventional methods, nanomaterial-based immobilization has several advantages: nano-enzyme particles are easily synthesized without using surfactants or toxic reagents, homogeneous, well defined core-shell nanoparticles are available, and co-immobilization of multi-enzymes could be achieved on these nanomaterials. In addition, there is an effective enzymatic loading, high surface area, and high mechanical strength [58] . Disadvantages with nanomaterials could be the dispersion of nanoparticles in the reaction media; their poor and complicated recovery after reaction; the possible health and environmental damage; high fabrication costs of some nanomaterials such as gold nanoparticles or nanodiamonds, and finally, difficult application at a large-scale [58] . Timur et al. [60] developed a thick film sensor by immobilizing laccases from different sources in a polyaniline matrix which is a polymer with high conductivity, chemical durability and good environmental stability [33, 34] for determination of phenolic compounds. Chawla et al., [61] described the construction of a biosensing platform for the determination of total phenolic content in fruit juices by fabricating nickel nanoparticles covered with carboxylated multiwalled carbon nanotubes/polyaniline composite electrodeposited onto a gold electrode and modified with laccase. This nano-composite-modified electrode combines the ability of carbon nanotubes and a conductive polymer to promote electron transfer reactions with the advantages of entrapping biological material [62] . On the other hand, Rahman et al. [63] tested composites of gold nanoparticles encapsulated-dendrimer and the enzyme laccase, to fabricate a third-generation catechin biosensor. The biosensor developed in this study is a promising tool for the detection of catechin in food and biological samples, combining the physical and chemical properties of AuNPs and the surface reactivity of dendrimers. Chen et al. [64] used zein, a sort of natural biodegradable protein polymer, to design a new composite of laccase-gold nanoparticles, AuNPs-cross-linked zein ultrafine fibers for the determination of catechol. The results demonstrated that this biosensor presented a high detection sensitivity, which was attributed to the direct electron transfer [65] .
Regarding peroxidases, a number of materials have been used as electrode-modified matrices for the immobilization of HRP. Among these supports, inorganic materials are more attractive because of their regular structure and good mechanical, chemical, and thermal stabilities. Currently, various titania (TiO 2 ) materials, such as nanoparticles [66] , nanosheets [67] , nanotubes [68] , nanostructure films [69] , graphene oxide [70] , and ordered 3D macroporous TiO 2 inverse opals deposited on an optically transparent electrode (OTE) [71] , have been used to immobilize HRP since they are biocompatible, stable, and environmentally safe.
In a very interesting example of peroxidase biosensor, the enzyme HRP was immobilized in a composite of CdSe nanocrystals and mesoporous silica. The latter facilitated charge rectification and minimized charge recombination, allowing high photocurrent. HRP-functionalized CdSe/ MS-modified electrode (HRP/CdSe/MS) had a stronger response toward H 2 O 2 under UV illumination than in the dark. The increased amperometric response was because the QDs were capable of injecting excited electrons to the system, thus reducing the H 2 O 2 in addition to the enzyme performance. The results demonstrated the potential application of HRP/CdSe/MS composite films as a novel biosensor for monitoring H 2 O 2 under UV illumination, or potentially for monitoring environmental pollutants by inhibition mechanisms [72] . In another example, HRP was anchored to titania nanotube arrays fabricated by anodic oxidation of titanium foil. The array possessed large surface area and good uniformity, suitable for enzyme immobilization. The biosensor sensitivity was related mainly to the electrical conductivity, although surface chemistry of the nanotubes arrays and enzyme load, were also important factors [68] .
In spite of the advances in the transduction and detection methods generated at the academic level for a wide variety of biosensors, many basic aspects should be solved before practical application [5, 73] . These aspects are directly related to the construction of the biosensor, according to the chosen method to integrate the enzyme with the transducer. The election of the immobilization method will depend on the type of transducer used, on the analyte physicochemical properties and on the operation conditions at which the biosensor is going to work.
Conclusion and Perspectives
This review demonstrates that biosensors based on oxidative enzymes as recognition elements represent an adequate technology to identify and quantify important environmental pollutants such as pesticides, phenols, heavy metals, organosulfur, or pharmaceutical compounds since it was shown here that they usually can usually detect and quantify them in a more precise, quick, and efficient form compared with other technologies. However, in spite of the advances generated for a wide variety of biosensors, including the use of different oxidative enzymes for specific physicochemical conditions or analytes and the use of a variety of immobilization methodologies and detection methods, many basic aspects are still lacking and should be solved before they could be used for practical purposes. Some of these aspects are the detection limit and stability for subsequent reuses. Nevertheless, the works reviewed here show that the perspectives for the future of environmental pollutant detection using biosensors based on oxidative enzymes are optimistic.
